Over the last 25 years, the terminology of skin and soft tissue infections, as well as their classification for optimal management of patients, has changed. The so-called and recently introduced term 'acute bacterial skin and skin structure infections' (ABSSSIs), a cluster of fairly common types of infection, including abscesses, cellulitis, and wound infections, require an immediate effective antibacterial treatment as part of a timely and cautious management. The extreme level of resistance globally to many antibiotic drugs in the prevalent causative pathogens, the presence of risk factors of treatment failure, and the high epidemic of comorbidities (e.g. diabetes and obesity) make the appropriate selection of the antibiotic for physicians highly challenging. The selection of antibiotics is primarily empirical for ABSSSI patients which subsequently can be adjusted based on culture results, although rarely available in outpatient management. There is substantial evidence suggesting that inappropriate antibiotic treatment is given to approximately 20-25% of patients, potentially prolonging their hospital stay and increasing the risk of morbidity and mortality. The current review paper discusses the concerns related to the management of ABSSSI and the patient types who are most vulnerable to poor outcomes. It also highlights the key management time-points that treating physicians and surgeons must be aware of in order to achieve clinical success and to discharge patients from the hospital as early as possible.
Introduction
For the last 25 years, complicated skin and skin structure infections (cSSSIs) and more recently acute bacterial skin and skin structure infections (ABSSSIs) have placed an increasing burden on healthcare systems globally. 1 This burden is due to the initial increased spread and subsequent persistence of methicillin-resistant Staphylococcus aureus (MRSA) in some regions. Although diagnosis is based on clinical presentation, the bacterial etiology of cSSSIs and ABSSSIs is confirmed in over 60% of cases, and the evidence suggests the predominance of Gram-positive bacteria. 1, 2 Eradication of the causative pathogens requires effective antibiotic therapy against the most likely microorganism. Although recent clinical practice guidelines recommend a range of antibiotic therapies (with or without surgical interventions) for each type of skin infection, management may be challenging for physicians, and patients may suffer from a prolonged hospitalization when pathogens are drug-resistant or when host factors complicate the infection. 3 This review paper has three aims: (1) to review the literature on SSSIs with a focus on the new category of ABSSSIs, assessing the evidence that these are clinically significant diagnoses often associated with a considerable morbidity; (2) to highlight that a relatively large proportion of ABSSSI patients receive inappropriate management; and (3) to emphasize the importance of appropriate
Management of acute bacterial skin and skin structure infections with a focus on patients at high risk of treatment failure
The US Food and Drug Administration (FDA) recently introduced a new regulatory terminology -'acute bacterial skin and skin structure infections' -which includes cellulitis, erysipelas, wound infection, and major cutaneous abscess, which excludes all other indications (Table 1) . 8, 9 Based on the FDA guidance, an ABSSSI must have a minimum lesion size of 75 cm 2 and present with the tetrad of erythema, tenderness, edema, and warmth as local signs of infection. 8, 10, 11 The antibacterial effects of new antibiotics are being investigated at an early time-point (at 48-72 h) with the aim of assessing a clinical response, which may turn out to be a therapeutic decision point. It is assumed that an objective measurement of reduction in lesion size within 48-72 h would confirm the rapid action and effectiveness of antibiotics, although differences may exist between antibiotics with regard to the mechanism of eradication. It is also anticipated that a favorable early response would translate into late clinical cure after the end of therapy (EOT) and allow more rapid wound healing. 12 These new FDAdefined primary endpoints were used in the clinical trials that led to the recent regulatory approval of the new Gram-positive agents oritavancin, 13, 14 dalbavancin, 15, 16 and tedizolid. 17, 18 ABSSSIs consist of the most frequently diagnosed skin infections worldwide ( Figure 1 ). 2, [19] [20] [21] [22] According to a recent European retrospective study, of patients hospitalized with SSSIs, around 80% have cellulitis and/or abscess, and around 20% have wound infection (e.g. post-traumatic and post-surgical wound infections) and patients could present sometimes with more than one Table 1 . Comparison of FDA guidance from 1998 9 and 2013. 8 Prior guidance (1998) 9 New guidance (2013) 8 Indication/terminology Complicated skin and skin structure infection (cSSSI) Acute bacterial skin and skin structure infection (ABSSSI) indication. 2 Cellulitis and abscesses are diagnosed in around 50% of patients with cSSSIs in Taiwan 21 and China, 22 and a smaller proportion of patients are diagnosed with wound infections. 21, 22 In 1999, the Centers for Disease Control and Prevention (CDC) introduced a further classification of surgical site infections (SSIs) based on the depth of the infection. 4, 5, 23 However, not all of these infection types in cSSSI would be classified as an ABSSSI according to the current criteria.
Role of bacteria in ABSSSI
Cellulitis, erysipelas, and abscesses are primarily caused by Gram-positive bacteria, including S. aureus, Streptococcus pyogenes, and other betahemolytic streptococci. 5, 6, [24] [25] [26] [27] Coverage against Gram-positive bacteria therefore seems sensible as an initial empiric therapy for these conditions. The presence or absence of pus can be used to alert the clinician to the probability of an infection being staphylococcal (purulent) or streptococcal (non-purulent). 6, 7 In wound infections, however, the anatomical location of the wound is a critical component of the etiology. These infections may be caused by Gram-negative bacteria or anaerobes as well as Gram-positive bacteria. 6, 7, 23, 26 Gram-negative bacteria are the most likely causative agents in wound infections in the perianal or lower abdominal area, 6,7 for example, while MRSA and methicillinsensitive S. aureus (MSSA) are the predominant pathogens in wound infections following cardiothoracic surgery with possible severe complications such as endocarditis, bacteremia, or nosocomial pneumonia. 28 For all ABSSSIs, the choice of empiric antibiotic therapy should be guided by both the likely pathogen involvement and local patterns of antimicrobial susceptibility. 10
The complex etiology of more serious ABSSSIs ABSSSIs may be either community-acquired or hospital-acquired, and the predisposing factors include trauma, chronic cutaneous lesions, preexisting skin conditions (e.g. tinea pedis), edema due to venous insufficiency, and immunosuppression. [29] [30] [31] The most serious ABSSSIs which require hospitalization for parenteral antibiotic therapy are identified based on (1) the nature of the potential causative pathogens (e.g. their virulence and resistance patterns) and (2) host factors pointing to the severity of the disease. 10, [31] [32] [33] [34] If misdiagnosed or not managed appropriately, these acute infections can lead to complications that may have a devastating impact on quality of life and may increase the risk of mortality.
Drug-resistant bacteria such as MRSA causing ABSSSI are more challenging to treat due to the lack of availability of effective antibiotics on hospital formularies. The current high level of resistance globally in clinically relevant pathogens is a serious threat for both patients and physicians. 35 MRSA emerged in the 1960s as a hospitalacquired pathogen due to the widespread use of penicillin and methicillin, and it has become endemic as a multidrug-resistant pathogen in hospitals worldwide. 36 Evidence suggests that elderly patients who have had a prior exposure to a healthcare facility or hospital, or a prior antibiotic course or intravenous (IV) catheter remain at a higher risk of being colonized or infected with hospital-acquired MRSA. 3 In the early 2000s, MRSA appeared in the community among younger people who had not been previously exposed to hospitals or healthcare institutions, 21, [36] [37] [38] who may instead have been colonized through sporting activities, crowding and IV drug abuse. 3 These cases are termed communityacquired MRSA (CA-MRSA). 36 During diagnosis and severity assessment of an ABSSSI, certain host factors must be taken into consideration because they may alter management and require additional healthcare resource utilization. Cellulitis and erysipelas often occur in the lower extremities, with tinea pedis being considered as the entry point for pathogenic bacteria. 12, 26, 39, 40 The more serious ABSSSIs include rapidly spreading, extensive cellulitis, SSIs (see Figure 2 ), wound infections in the perianal area, and purulent infections in the neck, hand, face, and genitalia. 39, 41 Patients with ABSSSIs at these particular anatomical locations always require hospitalization for IV antibiotic treatment regardless of the baseline severity of the infection 41 because surgical source control is difficult in these anatomical locations. In a recent French survey, infectious disease physicians noted that severe sepsis, poor social context, rapid progression of skin lesion, severe pain, and immunosuppression were among the most frequent causes of hospitalization of non-necrotizing cellulitis patients. 39 After visiting the emergency department, observational units where patients can be monitored while receiving initial IV antibiotics for an ABSSSI can help to indicate whether hospitalization or outpatient management is most appropriate. [42] [43] [44] Underlying comorbidities, especially in elderly patients, some of whom may have impairment in multiple organs, or diabetes, can complicate the management of ABSSSIs. Elderly patients often need renal or liver function monitoring or a central venous line, for example, during IV antibiotic treatment. Several studies have shown that diabetes is the most frequent (i.e. 8.7-40.7%) comorbidity among hospitalized ABSSSI patients. 2, 20, 21, 25, 45 A recent European observational study in patients with cSSSIs linked several other conditions to the hospitalization, including peripheral vascular disease (21.2%), congestive heart disease (12.2%), renal disease (9.8%), chronic obstructive pulmonary disease or other respiratory conditions (9.5%), and malignancy (10.4%), which is associated with immunosuppressed status rendering patients more susceptible to infection. 2, 46 Several studies have investigated the factors associated with hospitalization or prolonged admission of patients with skin and soft tissue infections (SSTIs), a broad term which includes cSSSIs, ABSSSIs, and other infections. Among the identified factors were fever, age >65 years, comorbidity, previous treatment failure, hyponatremia, hypoalbuminemia, bacteremia, lactic acidosis, systemic inflammatory response syndrome (SIRS), previous ABSSSI history, and white blood cell count >15000/mm 3 blood. 42, 43, [47] [48] [49] [50] [51] These conditions must be investigated and monitored alongside any other comorbidities in order to assess the severity of ABSSSIs more accurately.
Regional distribution of pathogens in ABSSSIs, cSSSIs and cSSTIs
Analysis of the distribution of causative pathogens in ABSSSIs and cSSSIs reveals similarities across geographical regions, with S. aureus being the dominant pathogen, followed by streptococci and other Gram-positive bacteria ( Table 2) . 2, 20, 24, 26, 52 However, in patients with infections coming under the broader category of cSSSIs, Gram-negative bacteria (e.g. Enterobacteriaceae, Proteus mirabilis, Pseudomonas spp) are also considered as causative pathogens, and these are very often found in mixed polymicrobial infections (e.g. DFI or wound infection) ( Table 2) . 2, 20, 24, 26, 52 First described in the United States, 36, 37 CA-MRSA has become endemic in Latin America [53] [54] [55] and Asia, 56 but it remains relatively infrequent in Europe. 38 More recently, epidemiological data suggest that CA-MRSA has spread into hospitals in the United States and in Asia, rendering the implementation of effective infection control policies and antibiotic prescription more challenging. 38, 56 Table 3 shows the prevalence of MRSA in different regions of the world. 25, [57] [58] [59] [60] [61] [62] [63] Ongoing surveillance programs reveal that the prevalence of MRSA has been relatively low in Europe (17.4%) 59 and Canada (19.8%), 58 and relatively high in Latin America (58.3%), 63 the United States (46.4%), 57 and Asia (48.9-61.9%). 60, 62 However, all regions show variations between individual countries. For example, within Europe, Scandinavian countries report very low MRSA prevalence (e.g. <2-3%) while countries in Southern Europe report much higher prevalence (e.g. >50%). 59 Similarly, within Asia, the prevalence of hospital-acquired MRSA ranges between 28% and over 70%. 56
Unfavorable outcomes with inappropriate ABSSSI management
Given the complexity of ABSSSIs, it is perhaps not surprising that inappropriate management, resulting from misdiagnosis, under/overestimation of severity, failure to recognize risk factors, or use of the wrong type, or duration, of antibiotic, is not uncommon. The consequences of inadequate therapy include treatment failure and infection recurrence, both of which have implications for patient quality of life. 12, 64 Recurrence of the infection may occur in up to 75% of inappropriately managed SSTIs caused by CA-MRSA. 41 Recurrence in erysipelas, a type of ABSSSI, may occur in 12-29% of patients with venous insufficiency being a major predisposing factor. 65, 66 In CA-MRSA endemic areas in the United States, SSTI patients often have recurrent SSTI episodes (in the past 12 months) in their medical history (i.e. 44%). 67 Treatment failure associated with inappropriate management may be more likely to occur with complicated SSTIs (e.g. major abscess, cellulitis, wound infection, DFI, or ischemic ulcer) than with uncomplicated or mild SSTIs (e.g. impetigo, folliculitis, minor abscess, or carbuncles). 41 The choice of initial antibiotic or treatment duration is a major factor in inappropriate treatment. Several independent reports indicate that a relatively large proportion of patients (range: 16.6-34.1%) receive inappropriate initial therapy leading to treatment failure, regardless of whether the infection was acquired in the community or in hospital. The definition of "inappropriate initial therapy" or "inappropriate management" differs between studies, but in most cases, the initial empiric antibiotic therapy is either delayed or inactive against the causative pathogen. 41, 64, [68] [69] [70] Patients may also be considered treatment failures of the initial therapy when they require additional incision and drainage (i.e. 33.1%), 68 debridement (i.e. 17.0%), 68 amputation (i.e. 5.1%), 68 change in antibiotic therapy or hospital admission, 41, 64, 68, 70 or if they develop a new lesion within 90 days. 41 Inappropriate management, usually determined within 48-72 h, may increase the duration of hospital stay (additional 1.39-5.4 days), 69 ,71 the risk of further hospital-acquired infections (e.g. nosocomial pneumonia), 28 64 and healthcare costs due to increased healthcare resource utilization. 41, 64, [68] [69] [70] [71] Even with monitoring in an observational unit for 24 h, up to 38% of ABSSSI patients may receive inappropriate treatment and require subsequent hospitalization. 42 A retrospective analysis of patients hospitalized with uncomplicated SSTIs reported that considerable numbers of patients are treated for too long period of time and using an antibiotic with a too broad spectrum. 72 With a definition of inappropriate treatment duration of 10 days or more, the mean total duration of antibiotic treatment was 12.6 days. Only 20.2% of patients received treatment within the appropriate duration and 28.2% received treatment for >14 days. What is more, a ⩾ 24 h of extended spectrum Gram-negative coverage, anaerobic cover, or unnecessary antipseudomonal coverage was received by 44.8%, 39.9%, and 17.2% of patients, respectively.
Among outpatients, lack of compliance with antibiotic treatment or underestimation of baseline infection severity contributes to the failure of initial therapy 52, 73, 74 and in hospitalized patients, those with milder infections are frequently overtreated, while those with more severe infections might be undertreated. 75 In a recent retrospective study in more severe infections, initial treatment failure occurred in 25% of the patients, 26 similar to that previously reported for ABSSSI patients with mild or moderate infections. 41, 64, 68, 69 The type of hospital unit in which patients seek medical care also influences the likelihood of treatment success or failure: a recently published study highlighted that nearly twice as many cSSTI patients initially received inappropriate antibiotic therapy in rural hospitals than in urban hospitals (38.9% versus 21.3%, p = 0.02). 68 Recognizing patient and disease risk factors is key to avoiding treatment failure. Among patients treated in emergency departments in the United States, initial treatment failure was associated with a variety of patient-level factors, 76 including income, drug/alcohol abuse, obesity, drained infection, and age. 76, 77 In one of these studies, patients older than 65 years were nearly fourtimes more likely to fail initial therapy compared with younger patients (OR: 3.87), the chances of failure increasing by 43% with every 10-year increase in age. 77 Infection duration and lesion size also influences the probability of treatment failure. In an observational study of 106 patients with S. aureus SSTIs, in which 21% failed treatment, independent predictors of failure were infection duration of 7 days or more (OR: 6.02) and a lesion diameter of 5 cm or more (OR: 5.25). 78 In addition, the rate of inappropriate antibiotic selection was higher in patients failing treatment, compared with those not failing treatment, although the difference was not statistically significant (11% versus 4%, p = 0.20). In children, fever has been observed to double the risk of initial treatment failure. 79 In the study by Berger et al., initial treatment failure (defined as a new antibiotic being given more than 24 h after hospital admission, drainage or debridement, or amputation more than 72 h after hospital admission) occurred in 16.6% of acute infections (cellulitis or abscess) and in 26.7% of SSIs. 64 Treatment failure resulted in a longer hospital stay (an additional 4.1-7.3 days) and a higher probability of mortality. 64 Multivariate logistic regression analysis identified bacteremia/ SIRS, malnutrition, intensive care unit (ICU) admission, anemia, uremia, hyperglycemia, and required drainage/debridement in the first 48 h of hospital admission as significant risk factors for initial treatment failure in acute skin infections. 64 Physicians should be particularly attentive to the management of patients who present with some of these less well-known risk factors.
The risk of treatment failure is increased in patients with both health complications and involvement of difficult-to-treat pathogens. In cSSTI patients, a combination of healthcare-associated risk factors and MRSA led to a greater likelihood of prolonged hospitalization and more frequent unscheduled visits to a healthcare provider, emergency department visits, or hospital admissions than either risk factor alone. 69 In real-life settings, ABSSSIs may be very severe and the frequency of mortality and complications may be higher than in phase III clinical trials. [13] [14] [15] 17, 18 In a retrospective Spanish study, patients were elderly (mean age: 71.3 years) and had nosocomial (9%), healthcare-associated (47%) or community-acquired infections (44%) predominantly affecting the lower extremities (71%). 26 Cellulitis was the most frequent ABSSSI (71%), followed by abscess (12%), which was frequently associated with cellulitis or pyomyositis. 26 This population was characterized by severe, complicated ABSSSIs: sepsis was present in 40% (CREST Class 4 severity) and bacteremia was present in 14% of the patients. 26 In contrast, bacteremia was diagnosed in under 5% of ABSSSI patients in recent phase III trials. [13] [14] [15] 17, 18 In the study by Macía-Rodríguez et al., 26 patients had multiple comorbidities, including heart failure, diabetes, and immunosuppression. In this study, the in-hospital mortality rate was 15% and the 6-month mortality rate was 8%. 26 These rates may have been expected because complications of infection and comorbidities both increase the risk of mortality, but they are markedly higher than those reported in recent phase III clinical trials of randomized ABSSSI patients (0.2-0.6%). [13] [14] [15] [16] [17] [18] Further analysis of the risk factors in the Spanish study revealed that in-hospital mortality was independently associated with the presence of heart failure, chronic kidney disease, necrotic infection, and initial treatment failure. 26 At 6 months, the risk of mortality was significantly increased by the presence of chronic kidney disease and immobility. 26 Local epidemiological data revealed that MRSA prevalence was low and was not a dominant causative pathogen. MRSA was not, therefore, the major contributing factor to the high mortality rate among these patients. 26 Together, these data suggest that both host factors and causative pathogens are critical to the outcome for hospitalized ABSSSI patients in reallife clinical settings, and their relative contributions should be given equal weight when making clinical management decisions.
ABSSSIs leading to complications prolonging antibiotic treatment or hospitalization
Hospitalization may be prolonged due to complications of a skin infection, including bacteremia (18.4%), 45 osteomyelitis (7.2%), 45 or necrotizing infections (1.1%). 28, 45 Among patients with bacteremia, SSTIs are the most frequent presumed source of infection, 80 probably because S. aureus can cause invasive infections. 81 Eradication of the persisting pathogen in bacteremia requires prolonged antibiotic treatment (14-21 days), and bactericidal antibiotics such as vancomycin or daptomycin are generally recommended for MRSA, 82, 83 although beta-lactams are more effective against MSSA. 84 However, de novo resistance and the increasing prevalence of S. aureus strains with a vancomycin minimum inhibitory concentration (MIC) >1 µg/mL may occasionally lead to treatment failure or mortality. 81, [85] [86] [87] Osteomyelitis as a complication of SSTIs occurs more frequently in diabetic inpatients (13.3%) than in non-diabetics (5.2%). 45 Osteomyelitis can manifest within days of an infection and requires several weeks, or even months, of antibiotic treatment. These types of complications occur four-times more frequently in diabetic than in non-diabetic patients, 45 and physicians must consider many aspects of the antibiotic choice, including activity against the pathogen, penetration into bone in special populations, emerging adverse events, and de novo resistance potential.
Understanding the potential risk associated with a particular pathogen may guide physicians in selecting the most appropriate empiric therapy until culture and susceptibility results are known. 3, 88 MRSA remains a highly challenging pathogen in SSIs -hospital-acquired, purulent wound infections, some of which are classified as ABSSSIs. They normally occur up to 30 days post-operatively, following cardiothoracic, orthopedic, neurosurgery, general, vascular, or gynecological surgery, for example. 89 Relative to uninfected surgical controls, patients with SSIs due to MRSA have an increased risk of hospital readmission within 90 days (OR: 35.0), increased risk of mortality within 90 days (OR: 7.27, p < 0.001) and may require up to a further 23 days in hospital (OR: 4.36). 90 In cardiothoracic surgical patients, deep post-surgical sternal wound infection (secondary mediastinitis) is the most frequent infection. It is caused primarily by staphylococci 91 and has a relatively high mortality rate. Due to the anatomical location, the most likely pathogens are skin colonizers such as coagulase-negative staphylococci or S. aureus. The presence of MRSA in such deep infections is independently associated with mortality compared with patients with MSSA. 91 Mortality may also be related to other post-operative complications. 28, 83, 91 Gram-negative bacteria, such as Pseudomonas aeruginosa, Klebsiella pneumonia, or Escherichia coli, may be implicated in nosocomial wound infections in some patients. 92, 93 Recently approved agents with activity against these organisms, such as ceftazidime/avibactam or ceftolozane/tazobactam for the treatment of complicated intraabdominal infections (cIAI), used in combination with metronidazole, and of complicated urinary tract infections (cUTI), including pyelonephritis, may provide a future approach for suspected/confirmed Gram-negative ABSSSIs.
Prevention of SSIs in already-hospitalized patients is critical, particularly in regions where MRSA prevalence is high, due to the abovementioned complications. 94 Previous studies have found that infections due to MRSA as opposed to MSSA are more complex in terms of management in hospital because of the additional steps that must be implemented (e.g. decolonization, protective clothing for nurses, isolation units, more expensive antibiotics, frequent laboratory tests, or blood cultures). 69 Recent guidelines from the Society for Healthcare Epidemiology of America (SHEA) aim to improve clinical practice and reduce SSI rates in surgical units. 95 A joint effort by the American Society of Health-System Pharmacists (ASHP), the Infectious Diseases Society of America (IDSA), the Surgical Infection Society (SIS), and the SHEA has led to the development of an improved guideline with regard to surgical antibiotic prophylaxis, which is consistent with antibiotic stewardship policies. The new guidelines recommend that a shorter antibiotic course is given within 60 min prior to surgical incision, using a weight-based dose to meet the therapeutic exposure even in obese patients. 96 Selection of the particular antibiotic for prophylaxis may depend on local hospital epidemiology. 96
Management of ABSSSI patients on the basis of new definitions, clinical practice guidelines and availability of new antibiotics
ABSSSI indications can present as mild, superficial infections or as life-threatening conditions affecting deeper tissue layer. 7 In general, the management of all ABSSSI indications follows very similar algorithms and is based on the clinical presentation of the patient. 7 Clinical practice guidelines separate purulent infections from non-purulent infections, and a third algorithm is outlined for wound infections. 7 Although patients may be treated as outpatients, the initial diagnostic procedure may involve complex investigations (e.g. blood culture) and some imaging modalities which are more feasible in hospitals than in general practice. 34 Physical examination and medical history-taking should include a thorough assessment of any predisposing factors such as trauma, underlying skin conditions, venous insufficiency, peripheral arterial disease, immunosuppression, malnutrition or previous surgery which can increase the likelihood and severity of skin infections. 31 Obtaining accurate bacteriological and epidemiological information with susceptibility patterns via biospecimen collection is recommended. 3, 34 The quality of the sample taken from the lesion influences whether the isolated strain can be considered as a true pathogen or a colonizer. The findings from samples can be used to support the therapeutic decision if a patient did not improve during the initial empiric antibiotic therapy; 12 thus, a careful collection of biospecimens is advised in order to guide antibiotic therapy.
In terms of sampling, pus can be easily collected with needle aspiration from wound infections and abscesses, but for cellulitis, and other nonpurulent infections, a punch biopsy is recommended because swab samples and aspiration samples provide imprecise information. 3, 34 However, even punch biopsies generally have a low yield and so may be of limited value. 34, 97 A systematic review of clinical trials reported that only 16% of aspirations/punch biopsies were positive, with considerable variation in the rate ranges. 98 While blood cultures offer an alternative for patients with signs of systemic toxicity or with significant co-morbidities, a US retrospective chart review of patients with complicated cellulitis revealed that only 2% of cultures returned useful information. 99 While the importance to effective treatment of obtaining an accurate bacteriological profile using the most appropriate method according to guideline recommendations is not disputed, 33, 34 in daily practice, the choice of sampling methodology may be more pragmatic, driven not only by clinical presentation and the availability of material but also by the experience of the treating physician. 34 Often, the choice of antibiotic may be based largely on patient risk factors, the antibiotics available on the formulary to the physician and local resistance patterns. 33, 34 The suspicion of Gram-positive bacteria as the cause of a community-acquired cellulitis, abscess or post-traumatic wound infection is reasonable, but other pathogens (especially drug-resistant pathogens) might also need to be considered when selecting antibiotic therapy depending on host factors and the individual patient's medical history. 7, 100 For example, patients with peripheral arterial disease in the lower extremity may be infected with facultative anaerobic bacteria due to the local ischemic environment in soft tissues. 34 When clinically indicated, blood samples are also taken to determine if the patients have bacteremia as skin infections often lead to this complication. 26 The clinical practice guidelines published by the IDSA, 7 the SIS 4,5 and the World Society of Emergency Surgery 101 are in agreement regarding the importance of surgical source control with the addition of empiric antibiotic therapy. Abscesses are initially managed with incision and drainage, which is then followed by antibiotic therapy in complicated and moderate or severe infections. Patients with wound infections benefit from surgical debridements to clean the infected areas deeper in the subcutaneous or muscle layers, accompanied by a regular change in wound dressing. Wound infections also require antibiotic therapy as described above. Cellulitis patients must be monitored for at least 24-48 h and surgical debridement applied only if the infection becomes necrotizing. 4, 5, 101 Recently, several groups have reviewed the implementation of the new SSTI guidance in real-life clinical practice. 12, 31, 33, 34, 102 Assessment of the severity of the ABSSSI is vital in the first instance, and failure to evaluate the severity correctly may lead to inappropriate treatment. 12 The latest clinical practice guidelines define the levels of severity as mild, moderate or severe for both non-purulent and purulent infections. 7 In general, severe infections are those in which patients suffer from hemodynamic instability or SIRS, and require immediate hemodynamic support and monitoring. 34 The new guidance also requires that the antibiotic efficacy be evaluated 48-72 h after initiation of therapy, 8 a time-point that coincides with the usual practice of evaluating the clinical response to empiric antibiotic therapy, with evaluation of culture results and information regarding potential resistance of the causative pathogen, which could trigger a change to the antibiotic therapy. 12, 70 The therapeutic value of this endpoint was highlighted by an analysis of the data from the real-life REACH study, which demonstrated that failure to achieve early response was associated with higher rates of initial treatment modification and poor outcome, and greater healthcare resource utilization, compared with achievement of early response. 102 In routine clinical practice, physicians seldom measure the area of the lesion very accurately and it may therefore be unrealistic to expect that they would make clinical decisions about the continuation of antibiotic therapy based on any reduction in lesion size. However, an improvement in clinical symptoms (e.g. afebrile, less pain, lower degree of warmth, smaller erythema) may guide physicians' decision-making about whether to maintain or change the empiric antibiotic therapy, or to step down to oral antibiotics. 12 A lack of response should prompt physicians to change the antibiotic, guided by any available bacteriological information. 64, 70 Differences in prescribing behaviors are observed between physicians in every hospital. 103 A recent study has shown that, in Europe, patients with cSSTIs receive IV antibiotics for at least ten days (up to 18 days in Poland) and may be hospitalized for up to 25 days (e.g. in Portugal). 103 This large observational study highlighted that many patients who were eligible for an early switch from IV to oral antibiotic therapy or for early discharge from hospital in fact remained hospitalized and were exposed to the risk of more frequent adverse events, further hospital-acquired infections, or IV therapy-related complications. 103 The principle of a switch to oral therapy and discharge from hospital as early as possible has been emphasized, both for the benefit of the patient and to reduce overall cost for healthcare systems. One randomized controlled trial (RCT) has demonstrated that a switch from IV vancomycin to oral linezolid shortened the overall duration of therapy for patients with SSTIs caused by MRSA. 104
Selecting an antibiotic treatment for ABSSSI patients
The latest clinical practice guidelines recommend a range of antibiotics for purulent and non-purulent non-necrotizing infections as well as for wound infections, outlined in Table 4 . 7 Purulence indicates a staphylococcal infection for which incision and drainage can be key management components, unlike non-purulent infections which tend to be streptococcal and for which antibiotics are the mainstay of treatment. When risk of MRSA is low, patients can be treated with nafcillin, oxacillin, or clindamycin. 7 For infections potentially caused by MRSA, an agent effective against this resistant pathogen should be given, 3, 7, 100 and for patients requiring IV therapy, vancomycin is normally the first-line treatment.
Although this antibiotic has been successfully used for many decades, current understanding dictates that therapeutic drug monitoring is necessary in patients with renal impairment and in obese patients in order to achieve efficient therapeutic exposure and to limit trough concentrations. 105 Other recommended choices include teicoplanin, daptomycin, clindamycin, the betalactam ceftaroline, and tigecycline, the latter two of which are broad-spectrum antibiotics with activity against MRSA. 7, 12, 33 The recently approved agents, dalbavancin, oritavancin, and tedizolid, combine high potency against MRSA and other Gram-positive pathogens with desirable pharmacokinetic profiles. In pivotal phase III trials, both IV dalbavancin and IV oritavancin were shown to be non-inferior to vancomycin in terms of outcome. [13] [14] [15] Safety profiles compared with vancomycin were favorable in the case of dalbavancin, with notably less nausea and pruritus, 15 and similar with oritavancin. 13, 14 Dalbavancin and oritavancin offer the benefit of a long half-life and require only a single infusion on Day 1. 12, 16, 33, 106, 107 Therefore, after treatment initiation and assessment of early clinical response, patients may be discharged from hospital when they are stable and afebrile for at least 48 h, although they must be monitored carefully for a longer period. 108 An oxazolidinone such as linezolid or tedizolid, may offer an advantage when patients are expected to be switched to oral therapy after 1-2 days of IV infusion. 7, 12, 109 Patients with limited venous access who can swallow tablets may benefit from the use of these drugs because their oral bioavailability is very high, their penetration into skin and soft tissue is sufficient and they do not need dose adjustment after switch. 33 Compared with linezolid, tedizolid provides similar efficacy over a shorter course of therapy and with fewer doses per day. In two phase III trials, a 6-day course of once-daily 200 mg tedizolid was shown to be non-inferior to a 10-day course of twice-daily 600 mg linezolid in mainly S. aureus infections and to be associated with fewer gastrointestinal adverse events and lower risk of hematological events. 17, 18 Recent RCT evidence suggests that patients who are treated with tedizolid phosphate, oritavancin, or dalbavancin are likely to have a favorable prognosis in the long-term and to be clinically cured within weeks after the EOT. 12
Clinical application
Optimizing the outcome of patients at a high risk of treatment failure relies on utilizing the most appropriate therapy which, in turn, demands accurate diagnosis and identification of patient risk factors. In daily clinical practice, this can be complex because, as outlined in this review, the characteristics of high-risk patients can be many and varied and include both disease-and hostassociated factors. Clinical guidelines should always be consulted. Precise assessment of guideline-defined severity is crucial for effective treatment and clinicians should also be aware that infections with a large lesion size or a longer duration may be more likely to fail treatment. Close monitoring of patients with comorbidities, such as bacteremia, obesity, and low white blood cell count, and including some less well-recognized factors, such as uremia, is required, particularly in the elderly. Clinicians should also pay particular attention to patients with adverse host factors, such as drug/alcohol abuse and level of income. Given that inappropriate antibiotic selection is a common cause of treatment failure, accurate bacteriological information is key. However, in the empiric setting and/or where sampling is not possible, antibiotic choice can be based on the pathogens most likely to be involved in a particular infection (based on guidelines and the presence or absence of purulence) and local resistance patterns. Evaluation of antibiotic therapy at 48-72 h after initiation of treatment will enable nonresponders to be identified early and an alternative approach to be considered.
Conclusion
ABSSSI management is not as straightforward as physicians may believe, and the rapid initiation of appropriate management may be critical to the overall outcome. Poor outcomes in ABSSSI patients are characterized by spreading infection, bacteremia, septic shock, osteomyelitis, recurrence, prolonged hospitalization, or death attributed to the ABSSSI. Particular populations including the elderly, and patients with cardiovascular disease, diabetes, immunosuppression, malignancy, or renal impairment require especially careful attention and management. A significant problem in clinical practice is the inappropriate selection of a suitable antibiotic based on patient presentation and the failure to distinguish between purulent and non-purulent infections in terms of pathogen involvement and antibiotic coverage. In addition, the role of culture data in clinical management is currently underrated, and approximately one in four patients receive antibiotic therapy that is inactive against the causative pathogen. ABSSSIs require immediate and in-depth attention because delayed or inappropriate therapy can lead to increased morbidity and mortality.
